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[57] ABSTRACT 

An apparatus for performing ultrasonic measurements, 
of compliant material specimens includes a . pair of fac- 
ing but spaced apart ultrasonic transducers between 
which the specimen is placed, and which transmits sig- 
nals into the specimen and receives signals from the 
specimen, a structure which presses the transducers 
against the opposite surfaces of the specimen with a 
reproducibly controllable force so that the same com- 
pressive force may be applied for successive measure- 
ments, a gauge that measures the separation of the two 
transducers, and a controller which drives the transmit- 
ting transducer and receives the signals from the receiv- 
ing transducer. The apparatus permits the determina- 
tion, of comparable ultrasonic properties for different 
points on one specimen, and the deterrnination of com- 
parable properties of a number of specimens, by making 
the measurements under identical conditions. The appa- 
ratus can be provided in a hand-held form and in a form 
used for inspections when only one side of the specimen 
is accessible. 

4 Claims, 2 Drawing Sheets 
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APPARATUS FOR PERFORMING ULTRASONIC 
MEASUREMENTS 

This application is a continuation of application Ser. 5 
No. 93a 121, filed Nov. 12, 1986 now abandoned. 

BACKGROUND OF THE INVENTION 

This invention relates to measuring devices for mea- 
suring properties of specimens, and, more particularly, 10 
to an ultrasonic device for measuring such properties. 

Structures are built from materials which are nor- 
mally selected for their high modulus and strength, and 
for acceptable collateral properties such as resistance to 
environmental damage, fatigue resistance and fabrica- IS 
bility. For many years, metal alloys were the preferred 
structural materials for aircraft and spacecraft applica- 
tions. More recently, composite materials made of 
bonded mixtures of different components have been 
developed and refined for use in specific applications. 20 
Composite materials can be prepared that have higher 
elastic modulus and strength per unit weight than met-; 
als, and therefore have become of great interest for use 
in advanced structures. 

The properties of composite materials can be varied 25 
over wide ranges through control of the properties of 
the components and the amounts of each component 
present Composite materials can be intentionally fabri- 
cated to have specified elastic and strength properties in 
the directions wherein such properties are required, and 30 
can even be tailored to have different properties within 
a single continuous part The composite materials there- 
fore offer designers the opportunity to greatly improve 
the performance of structures, but also impose some 
additional burdens on those who build and maintain the 35 
structures. That is, since the composite materials are of 
such a nature that they can be fabricated with widely 
varying properties, each composite structure that is 
built must be carefully monitored to ensure that it is 
within the limits specified by the designers. 40 

One of the currently most important types of compos- 
ite materials is fiber composites of graphite, glass or 
Kevlar fibers in a thermoset or thermoplastic matrix, 
which are used in advanced aircraft and spacecraft 
structures as well as commercial applications such as 45 
tennis rackets and golf clubs. These composite materials 
are a mixture of oriented or unoriented fibers in a matrix 
which binds the reinforcement together and also pro- 
tects it. It is vital to know accurately the fractions of 
each of the components present in the material and the 50 
amount of moisture present in voids within the material, 
as large variations in component fractions and too much 
moisture may lead to otherwise undetectable sources of 
failure. 

Parts made from such fiber composites are usually 55 
fabricated by filament winding or by bonding together 
thin plies of "prepreg", a precursor material made of the 
reinforcement fibers in an uncured matrix that is avail- 
able as sheets about 0.004-0.008 inches thick. The pre- 
preg is of interest in itself, as its properties must be 60 
evaluated during manufacture and prior to bonding to 
be certain of its quality. Sheets of the prepreg are 
stacked together or "laid up" to form thick pieces 
termed laminates, and these laminates are cured in auto- 
claves to form semifinished parts. 65 

The local weight fraction of the resin matrix and the 
reinforcement fibers, and the local presence of moisture 
should be known for both the prepreg and the cured 
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final part In the latter case, it is desirable, that the mois- 
ture content of the composite material be known for the 
prepreg, upon curing, and also after field service. Mois- 
ture can. be absorbed into these composite materials 
during fabrication of the prepreg and the layups, or 
during service. The moisture is highly damaging to the 
material, and can lead to premature failure of the part 

At the present time, information about the local 
weight fraction of reinforcement fibers and matrix can 
be determined readily only by destructive testing, and 
information about the moisture content can be deter- 
mined only by laborious and partially destructive tech- 
niques such as desiccation. In . the usual commercial 
procedure for determining weight fractions, a piece of 
the composite material is cut away from the rest and 
weighed. The matrix is then chemically or thermally 
removed, leaving only reinforcement particles. The 
particles are weighed, and the weight is divided by the 
total weight of the piece to determine weight fraction. 
From calibration tables or known transformations, the 
volume fraction is : calculated. The weight fraction of 
matrix is calculated as one minus the weight fraction for 
the fiber. Where volume is conserved, the volume frac- 
tion of matrix is one minus the volume fraction for the 
fiber. Measurements of moisture are accomplished by 
vacuum desiccation of pieces of the composite material, 
weighing the material before and' after desiccation to 
determine the moisture lost. Both types of measure- 
ments cannot be done with a part in service without 
having the evaluation procedure itself do significant 
harm to the structure, unless test coupons are built into 
the part Even then, the actual local composition and 
moisture content cannot be evaluated, only inferred 
from measurements of neighboring areas. 

Composite materials are entering more widespread 
use in applications such as commercial and military 
aircraft structures for which the fractions of the phases 
and the moisture content, as well as any microstructural 
irregularities, must be accurately known both at the 
time of manufacture and during service. Deviations 
from specified values can lead to local weaknesses, 
which in turn might result in failure of the part made of 
the composite material. An accurate, reliable approach 
to measuring the characteristics of materials formed of 
mixtures is required so that the prepreg starting mate- 
rial, the laminates, and the service part can be readily 
sampled and evaluated. 

The preceding discussion has focussed on one spe- 
cific type of mixture, composite materials. However, 
the problem of determining the component fractions of 
a previously formed mixture is found in many other 
areas, including geology, mineralogy, construction, 
automotive tire production, and manufacturing. A solu- 
tion of the problem for mixtures such as composite 
materials would likely be applicable to, and would pro- 
vide valuable benefits in, these fields also. 

Accordingly, there exists a need for a testing device 
which permits a determination of the weight fractions 
of the phases, and the moisture content, in a mixture 
such as a composite material. The apparatus must per- 
mit testing of prepreg and finished parts, without dam- 
aging the specimens and in a manner that is economical 
and consistent with large scale testing. The present 
inventors have determined that such measurements can 
be accomplished with ultrasonic apparatus, but have 
found that the existing types of ultrasonic measurement 
apparatus cannot make the required measurements and 
meet the above-stated requirements. The present inven- 
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tion fulfills the need for an ultrasonic apparatus meeting 
these requirements, and farther provides related advan- * 
tages. 

SUMMARY OF THE INVENTION 5 

The present invention provides an apparatus and 
procedure for performing ultrasonic measurements, 
such as measurements of velocity and attenuation, on 
specimens in a reproducible, precise manner that per- 
mits accurate determinations of physical properties and 10 
also permits comparisons of data taken from different 
specimens, from different areas of a single specimen, 
and from the same specimen at different times. The 
apparatus is operable with compliant materials, whose . 
deformation can interfere with obtaining reproducible IS 
measurements. When compliant materials are evalu- 
ated, the specimen under study is not contaminated with 
couplants made of foreign matter, but coupling is 
achieved in a fully reproducible fashion. When rigid 
specimens are evaluated, minimal amounts of volatile 20 
couplants, or a compliant transducer, may be utilized. 
The apparatus and procedure can be used for composite 
prepreg, cured composite, and a wide variety of other 
types of materials, both in a laboratory environment and 
also in a factory or even a service environment, with 
reproducibility and precision maintained throughout 
the variety of tests. 

In accordance with the invention, apparatus for per- 
forming ultrasonic measurements on a solid specimen 
comprises measurement means for introducing a first 
ultrasonic signal into the specimen and for receiving a 
second ultrasonic signal from the specimen, compres- 
sion means for forcing the measurement means against 
the surface of the specimen with a reproducibly control- 
lable constant compressive force, so that the same com- 
pressive force may be applied on successive measure- 
ments, and control means for controlling said measure- 
ment means. 

Coupling of the transducers to the specimen is ac- 
complished by compressing the transducers against the 
surface with a precise, reproducible force such as, for 
example, dead-weight loading, spring loading, or con- 
trolled loading by a device such as a robotic arm. The 
extent of coupling is the same for every specimen for 
which the same compressive force is used. The nature 
of the coupling can be understood for each type of 
specimen material as a function of the amount of com- 
pressive force applied. Ultrasonic wave velocity is af- 
fected primarily by the deformation of the material, and 
therefore simultaneous measurement is required. Ampli- 
tude of the ultrasonic wave, and therefore measure- 
ments of wave attenuation, is affected primarily by the 
amount of contact, which is dependent upon the applied 
compression. While the compression does tend to de- 
form the materials such as prepreg slightly, the defor- 
mation is uniform, constant, and readily measured by a 
deformation gauge optionally provided with the appa- 
ratus. Consequently, it is possible to compensate for 
such compression in the calculations of the ultrasonic 
attenuation, time of flight, or other parameters derived 
from the data taken. 

Either one or two transducers may be used. If a single 
transducer is used both to introduce ultrasonic pulses 
into the specimen and to receive the modified pulses 
back from the specimen, that transducer is pressed 
against one flat surface uniformly during operation. If 
two transducers are used, one to transmit and the other 
to receive the ultrasonic signals, then the transducers 



are oriented in a facing but spaced apart relationship 
along an axis so that the specimen is sandwiched be- 
tween the two transducers under the controlled com- 
pression force. 

The apparatus can be provided both as a frame- 
mounted instrument most suitable for laboratory or 
factory operation, or as a hand-held unit suitable for 
field operation. In the former, the transducers are 
mounted in a rigid frame, with one of the transducers 
movable on a support rod so that specimens of various 
sizes can be accommodated. A dead-weight loading is 
preferably provided, and a displacement gauge built 
into the unit measures the amount of deformation of the 
specimen under the loading. In the portable model, a 
pressure gauge indicates the loading, and a separate 
displacement gauge is used as necessary to measure the 
amount of deformation of the specimen after the load- 
ing is applied. The apparatus is readily adapted for use 
with an automated or a robotic measurement system. 

Thus, apparatus for performing ultrasonic measure- 
ments on a solid specimen comprises an ultrasonic trans- 
ducer adapted for contacting to the surface of the speci- 
men; a compression loader for forcing the ultrasonic 
transducer , against the surface of the specimen with a 
25 reproducibly controllable constant force; and a control- 
ler that receives a signal from the transducer. This appa- 
ratus can be stationary or portable, and can optionally 
utilize a second transducer for transmission measure- 
ments. The apparatus preferably includes displacement 
30 measuring means for determining the location of the 
transducer or transducers. 

In one preferred embodiment, apparatus for perform- 
ing ultrasonic measurements on a solid specimen com- 
prises a pair of ultrasonic transducers disposed in a 
35 facing but spaced apart relationship to each other along 
a vertical axis, so that a specimen may be placed be- 
tween the ultrasonic transducers; a frame which sup- 
ports the two ultrasonic transducers, the frame includ- 
ing a support rod movable in the vertical direction 
40 within the frame and to which one of the transducers is 
fixed, so that the transducer is movable along the verti- 
cal axis and is forced toward the other of the transduc- 
ers under the dead loading weight of the support rod, 
thereby compressing the specimen between the trans- 
45 ducers under a constant, reproducible force; a displace- 
ment gauge that measures the relative position along the 
vertical axis of the support rod with respect to the 
frame; and a controller that drives one of the transduc- 
ers and receives a signal from the other of the transduc- 
50 era. This model using two transducers, requires access 
to both sides of the specimen. If only one side of the 
specimen is accessible, as with a part bonded into a 
larger structure in field service, then only a single trans- 
ducer is used. However, data on specimen thickness 
55 must be obtained by some other technique. 

The uniform, reproducible compressive loading re- 
sults in a constant degree of coupling between the trans- 
ducer or transducers and the specimen, which can be 
duplicated for different areas of a specimen or for differ- 
60 ent specimens. The constant degree of coupling is 
highly significant for the accurate measuring of velocity 
and attenuation of the ultrasonic signal within the speci- 
men. Variations in coupling lead to varying boundary 
losses as the signal is introduced into and extracted from 
65 the specimen, resulting in uncontrollable variation be- 
tween tests. Applying the same pressure reduces, or 
eliminates the variation, by causing a constant degree of 
coupling. The high pressure also helps to minimize 
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coupling variations to non-metallic matrix composites information about the structure of the material can be 

by compressivcly reducing local surface irregularities gained by measuring the distance the wave travels and 
that can sometimes appear and vary between successive the time required for its propagation. Studies of differ- 

tests of the same region of a specimen. Such reproduc- ent types and frequencies of ultrasonic waves propa- 

ible coupling cannot be achieved by conventional cou- 5 gated through solids, and changes in the waves (such as 

pling methods such as the application of grease between attenuation) as they travel through the solid, yield even 

the transducer and the specimen. more information. 

The displacement gauge permits measurement of the Ultrasonic wave propagation studies are of particular 
actual thickness of the specimen as the ultrasonic mea- interest because they can be performed in a factory or 
surements are taken. The two transducers are touched 10 service environment with relatively compact equip- 
together along their facing surfaces when no specimen ment. Ultrasonic waves also do not damage or disrupt 
is present to establish a zero point (When one trans- the structures through which they pass. By contrast, 
ducer is used, it is contacted to the surface supporting most other techniques for determining internal physical 
the specimen to establish the zero point) Then the spec- properties can only be effectively utilized in limited 
imen is inserted so mat the transducers fit solidly against 15 laboratory circumstances, or permanently damage the 
the opposite surfaces, and the displacement from the sample material Ultrasonic measurements have there- 
zero point measured. The distance between the trans- fore become important in the nondestructive detennina- 
ducers is reduced as the compressive : pressure rises. tion of material properties of industrial materials, both 
This distance is the actual path traversed by the ultra- upon construction and after use. 
sonic signal For very thin specimens, . even a small 20 Ultrasonic measurements can, in principle, determine 
change or error in measuring the path length can be the weight fractions and moisture contents of advanced 
significant in making accurate measurements. For exam- plastics, nondestructively. An ultrasonic signal is propa- 
ple, a typical ply of a non-metallic matrix thennoset gated through the solid, and measurements taken from 
composite prepreg is about 0.008 inches thick, so that an which these structural characteristics can be deter- 
undetected 0.001 inch thickness variation error results 25 mined. However, no consistent method for introducing 
in a 10% error in the measured thickness value, with a the ultrasonic signals into the specimen and for extract- 
corresponding error in the computed ultrasonic veloc- ing . the ultrasonic signals from the specimen under 
ity. The approach of the present invention avoids this highly controlled conditions has as yet been found. The 
source of error, resulting in more precise measurements composite materials, in both the prepreg and cured 
that are reproducible. 30 states, are highly compliant or deformable perpendicu- 

It will now be appreciated that the present invention lar to the surface of the sheet, and this compliance ere- 

provides an improvement in the art of ultrasonic mea- ates difficulties in introducing and extracting signals for 

surements of specimens. The apparatus ensures repro- the following reasons. 

ducibflity by coupling the ultrasonic signals to the speci- Ultrasonic waves are generated and detected by de- 
men under a controllable compressive loading. The 35 vices termed , ultrasonic transducers, which create or 
actual path length of travel of the ultrasonic wave is detect waves of frequencies above those that can be 
measured accurately, and is divided by the propagation heard by the human ear. The ultrasonic signal that is 
time to determine ultrasonic velocity. Other features produced by a transmitting transducer is excited in the 
and advantages of the invention will be apparent from transducer by an electrical signal provided to the trans- 
the following more detailed description, taken in con* 40 ducer, and then must be transferred to the sample 
junction with the accompanying drawings, which illus- through which propagation occurs. The propagated 
trate, by way of example, the principles of the inven- signal is then extracted from the sample by a receiving 
tion. transducer. Some transducers can function as both the 

^ ^„ * „,^ T ^„ transmitting and receiving transducer, so that measure- 

BRIEF DESCRIPTION OF THE DRAWINGS 45 mcnts ^ ^ de of ultrasonic waves that are reflected 

FIG. 1 is a side elcvational view of a preferred appa- within the specimen. In other cases, one transducer 

ratus; transmits the ultrasonic signal into the* specimen, and 

FIG. 2 is an enlarged detail of FIG. 1, illustrating the another receives the ultrasonic specimen from the speci- 

deformation of the specimen under the compressive men after propagation. 

forces; : SO Both the ultrasonic signal introduced and the signal 

FIG. 3 is a side sectional view of a portion of FIG. 1, received must be transferred across the boundary of the 

illustrating an alternative approach using a single trans- specimen from or to the transducers. The ultrasonic 

ducer; signal may be significantly altered by its passage across 

FIG. 4 is a block diagram of the control system for the boundary, unless care is taken to connect or "cou- 

the apparatus; and 55 pie'' me transducers to the specimen properly. A num- 

FIG. 5 is a side elevational view of a portable appara- ber of techniques have been developed to permit ultra- 

tus, with portions broken away for clarity. sonic coupling, but all suffer from problems when used 

„ m „„„ ww^r^r to couple transducers to non-metallic matrix compos- 

DJ ^J£R> PJ^*H^£L2k J™ ites. Most commonly, the transducer is stuck to the 

PREFERRED EMBODIMENT ^ surfacc of me specimen with grease or the like, and the 

Ultrasonic measurements are useful in determining grease serves to transfer the signal This procedure is 
many of the physical and structural properties of mate- not acceptable for use with prepregs, as the residual 
rials through which they are propagated. As an exam- grease interferes with subsequent bonding. It also can- 
pie,, the velocity of an ultrasonic wave is the distance it not be used with final parts because the grease can inter- 
travels through the material, the sonic path, divided by 65 fere with use of the part. Other approaches have been 
the time of travel. The velocity of the wave is depen- tried, but have not been found satisfactory for mass 
dent upon the density and viscoelastic moduli: of the testing of prepreg or cured parts, particularly when in 
material, which in turn depend upon structure, so that service. 
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Often, the ultrasonic signal must be compared with ducers 26 and 28 act as punches to locally reduce the 

other ultrasonic signals taken from other specimens or thickness of the specimen 18 in a central region 34 

other regions of the same specimen, and therefore the thereof, while the remainder of the specimen 18 retains 

coupling must be highly precise and reproducible. its original thickness. The ultrasonic signals pass 

There is no known testing and coupling technique that 5 through the central region 34, and it is important to 

permits a highly reproducible coupling to be accom- know the local through-thickness dimension in the cen- 

plished, with a simultaneous measurement of the sonic tral region 34. As indicated earlier, the thickness of a 

path as affected by pressure applied to the transducers. prepreg is typically 0.008 inches, and a 0,001 inch re- 

The present invention is embodied in an apparatus 10, duction in thickness could result in a 10% error in the 

illustrated in FIG. 1. The apparatus 10 includes a rigid 10 determination of ultrasonic velocity, if such error is 

base 12 and an upright frame 14 set thereupon. The undetected. 

frame 14 conveniently is formed of two vertical up- The local dimension in the central region 34 is deter- 
rights 16 spaced apart by a distance that permits inser- mined using a displacement gauge 36 that measures the 
don of a specimen 18 therebetween. The frame 14 is movement of the support rod 22. The frame 14 and 
stiffened by horizontal stiffeners 20 extending between 15 support rod 22 can be considered rigid, so that any 
the uprights 16. The total forces involved in the appara- movement of the support rod 22 is due to the thickness 
tus 10 are not more than a few hundred pounds at most, of the specimen 18. The local thickness of the specimen 
typically less than one hundred pounds, and as a result 18 is determined by placing the transducers 26 and 28 
the frame 14 need not be constructed to withstand high face to face without the specimen 18 present, and en- 
forces. However, rigidity is important, and the frame 14 20 taming a displacement reading from the gauge 36. The 
is therefore preferably constructed of steel. specimen 18 is then inserted between the transducers 26 
Intermediate the uprights 16 is a vertical support rod and 28, and the displacement of the gauge 36 is then 
22 that extends parallel to the uprights 16 but is free to read again. The difference between the two readings is 
move vertically along its axis. The support rod 22 is the local through thickness dimension of the specimen 
preferably supported ma pair of bearings 24 mounted to 25 18 in the central region 34. The through thickness di- 
two of the horizontal stiffeners 20. These bearings 24 mension of the specimen 18 in the region without any 
are preferably teflon sleeves, but can be roller bearings applied compressive loading can be similarly deter- 
or other type of bearing. The bearings 24 provide side- mined, if that is of interest, by making the second dis- 
ways support and stability, and at the same time permit placement measurement as the transducer 28 first 
the support rod 22 to slide upwardly and downwardly. 30 touches the upper surface of the specimen 18 when the 
The support rod 22 does not move great distances or at support rod 22 is lowered. 

high rates, so that the bearings 24 need not be selected With the transducers 26 and 28 in place and compres- 

with such complications in mind. sively forced against the specimen 18, the ultrasonic 

A first ultrasonic transducer 26 is mounted to the base measurements can be taken under the control of a con- 

12 with its active surface facing upwardly. A second 35 troller 38, illustrated in FIG. 4. The nature of these 

ultrasonic transducer 28 is mounted to the bottom end measurement depends upon the data required. In a pre- 

of the support rod 22, with its active surface facing ferred system, pulsed ultrasonic signals are emitted by 

downwardly. The first and second transducers 26 and transducer 28 under the control of a pulser 40. The 

28 are positioned to be in facing relationship to each pulser 40 sends a transmission pulse to the transducer 

other, so that ultrasonic signals emitted from one are 40 28, which transmits a corresponding signal into the 

received by the other. specimen 18. The ultrasonic signal propagated through 

The specimen 18 is positioned between the two facing the specimen 18 and received by the transducer 26 is 

transducers 26 and 28, and therefore the vertical move- provided to the pulser 40. The waveform is digitized by 

ment of the support rod 22 must be great enough to a digitizer 42 and provided to a computer 44, which also 

allow specimens of differing thicknesses to be placed 45 receives the displacement signal from the displacement 

between the transducers. When the specimen 18 is so gauge 36. The information in the computer 44 can then 

placed, and the support rod 22 relaxed under the force be used to calculate the desired properties such as ve- 

of gravity, the specimen 18 is lightly pressed between locity and attenuation as necessary, that in turn charac- 

the two transducers 26 and 28. terize the material. 

It has been found that the compression force applied 50 Ultrasonic measurements are taken using the appara- 

to the specimen 18 through the transducers 26 and 28 tus 10 by raising the support rod 22 to separate the 

should be constant but controllable to differing levels to transducers 26 and 28, and inserting a specimen 18 into 

provide optimization of this parameter for different the gap between the transducers. For compliant speci- 

specimen materials and configurations. However, once mens, no separate couplant is used. For rigid specimens, 

that optimal point has been reached, the force should be 55 a drop of a completely volatile liquid couplant such as 

maintained precisely constant between different mea- alcohol or water can be placed on the surface of each 

surements of that specimen, and between different mea- side of the specimen 18 in the region where the trans- 

surements that are to be compared with each other. ducers 26 and 28 contact the specimen. The support rod 

A preferred approach to achieve this feature is to use 22 is lowered to permit the upper transducer 28 to rest 

dead-weight loading of the support rod 22, which climi- 60. against the specimen 18, and the measurement is taken, 

nates the need for a force gauge and a means to control A manual switch may be used to indicate that a mea- 

the force. For this purpose, a weight box 30 is attached surement is to be taken, or the controller 38 may control 

to the support rod 22 at its upper end. The weight box this function automatically. The support rod 22 is 

30 is a simple container into which weights 32 may be raised, and the process may be repeated with another 

added to increase the compressive force applied to the 65 area of the specimen 18 or another specimen. It will be 

specimen 18 through the support rod 22. appreciated that this apparatus 10 is well suited to an 

FIG. 2 is an enlarged view of the specimen 18 and the automated measurement operation, wherein a mecha- 
transducers 26 and 28, with weight applied. The trans- . nism is provided to raise and lower the support rod 22 
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at the appropriate times, and wherein another mecha- 
nism translates specimens into position between the 
transducers.. 

In this preferred embodiment, the transducers 26 and 
28 are Panametrics Model A109-S transducers which 
operate at 5 MHz, with a relatively broad band width 
that minimizes ringing of the . transducer when used 
with a narrow specimen. The pulser 40 is a Panametrics 
Pulser Receiver Model 5052 PR. The digitizer 42 is a 
Tektronix Model 336 digitizing oscilloscope. The com- 
puter 44 is a Hewlett Packard Integral PC The dis- 
placement gauge 36 is a Sylvac P25 capacitance device 
sensitive to 0.0001 millimeter. 

A variation of the apparatus 10 is illustrated in FIG. 
3. Here the transducer 26 is omitted, and a single trans- 
ducer 28 both transmits: and receives the ultrasonic 
signal. The path length traversed by the signal is twice 
the local thickness of the specimen 18. The specimen 18 
is supported by a support block 50, which has an aper- 
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The received pulse is sent to the controller 38 through 
a line 84 only when a trigger 82 is depressed to indicate 
that the proper force level is reached. 

The portable apparatus may be used to collect ultra- 
sonic data in a laboratory or factory environment, but is 
also operable in a service environment That is, if a 
composite material is built into a structure such as an 
aircraft, the portable apparatus may be taken to the 
aircraft and contacted to the composite piece to quickly 
and accurately determine ; the ultrasonic parameters. 
The measurement is taken by forcing the transducer 66 
against the surface of the composite piece until the end 
80 of the barrel 62 touches the surface, adjusting the 
screw 76 until the proper force level is indicated on the 
scale 78, and depressing the trigger 82. The measure- 
ment is recorded in the controller, and the next area 
may be measured. 

The apparatus and procedure of the invention thus 
permit reproducible ultrasonic measurements of a van- : 



tare 51 therethrough below the specimen to provide 20 ety of physical parameters of a specimen material, in- 



optimal reflective properties for the reflected ultrasonic 
wave. This apparatus of FIG. 3 is preferred for use 
when only one side of the specimen is accessible. 

FIG. 5 illustrates a preferred portable apparatus 60 
which may be used in Meld testing of materials by ultra- 
sonic means. The apparatus 60 is in the form of a hand- 
held gun, having a barrel 62 and a handgrip 64 for easy 
manipulation. A rigid, removable skirt 65 extends out- 
wardly from the end of the barrel 62 to steady the barrel 



eluding compliant specimens such as non-metallic ma- 
trix composites. Although a particular embodiment, of 
the invention has been described in detail for purposes 
of illustration, various modifications may be made with- 
25 out departing from the spirit and scope of the invention. 
Accordingly, the invention is not to be limited except as 
by the appended claims. 
What is claimed is: 

L Apparatus for performing ultrasonic measurements 



against lateral tipping when placed against a surface of 30 on a solid specimen, comprising: 



a specimen. A transducer 66 is mounted on an extend- 
ible rod 68 that extends outwardly from the end of the 
barrel 62. The interior end of the rod 68 is attached to a 
spring 70 which biases the rod 68 and the transducer 66 
to extend outwardly from the barrel 62. The other end 35 
of the spring 70 is contacted by a plunger 72 supported 
on a threaded rod 74 that may be turned by a screw 76 
on the end of the barrel 62 remote from the transducer 
66, to move the plunger 72 so as to apply greater or 
lesser force on the end of the spring 70. A scale 78 on 40 
the outside of the barrel 62 indicates the force applied to 
the transducer 66 in the following manner. 

Prior to a measurement, the transducer 66 extends 
from the end of the* barrel 62. To make a measurement, 
the transducer 66 is pressed against the surface of the 43 
specimen to be measured, forcing the extendible rod 68 
back into the barrel 62 and compressing the spring 70. 
When the transducer 66 is forced against the surface of 
the specimen so that the end 80 of the barrel 62 contacts 
the specimen, no further travel is possible. The spring 50 
force is measured by the position of an indicator 79 
mounted to the plunger 72 in relation to the scale 78. If 
the spring force is other than the desired -amount, the 
spring force is adjusted by turning the screw 76 to reach 



measurement means for introducing a first ultrasonic 
signal into a specimen at a first location and for 
receiving a second ultrasonic signal from the speci- 
men at a second location; 
means for determining the local thickness of the spec- 
imen in a region between the first location and the 
second location; 
compression means for forcing said measurement 
means against the surface of the specimen with a 
reproducibly controllable constant compressive 
force that remains constant as said measurement 
means moves in response, to deformation of the 
specimen, so that the same compressive force may 
be applied during the entire course of a single mea- 
surement and on successive measurements, 
wherein said compression means includes 
a frame for supporting said measurement means in 

contact with the surface of the specimen, and 
loading means for applying a dead-weight load to 
said measurement means to force it against the 
surface of the specimen; and 
control means for controlling said measurement 
means. 

2. Apparatus for performing ultrasonic measurements 



a desired force applied against the surface of the sped- 55 on a solid specimen, comprising: 



men through the transducer. Such adjustment is typi- 
cally required for testing the first specimen of a group, 
but then readjustment is not required as long as the 
desired force is unchanged. This force is exactly and 
readily reproduced on successive specimens by forcing 60 
the transducer 66 down against the surface until the end 
80 prevents further movement. The thickness of the 
specimen, if required, is measured by other means such 
as a separate gauge. Alternatively, the apparatus 60 
could be constructed with an integral thickness gauge. 65 

In the design illustrated in FIG. 5, spaced ultrasonic 
pulses are continuously transmitted to the specimen 18. 



a movable ultrasonic transducer adapted for contact* 

ing to the surface of the specimen; 
a compression loader for forcing said ultrasonic trans- 
ducer against the surface of the specimen by a 
dead-weight load; 
locating means for measuring the position of said 
transducer parallel to the direction of application 
of the compressive force, during operation of the 
transducer; and 
a controller that receives a signal from said trans- 
ducer.. 
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